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The 'title of Invention 

Biological Deinklng Method 



The title of the invention 

Biological deinkin* Method. 



Detail description of the invention 

This invention related to the process for reclaiming useful 
pulp fibers from wood containing or wood free wastepaper by a 
biological aethod in the doinking process. 

Seinking of pulp fibers is essentially s laundering or cle- 
aning process which the ink is considered to be the dirt. 

Shemical. along with heat and mechanical energy, wed to 
dislodge the ink particles fro- fibers and to ""».•"• £«" * n the 
aaueoui medium. The ink particles are then aeparted from the 
llll fibers, either by washing or flotation or by using a modern 
hybrid process that combines the two elements. 

The chemicals used for the conventional delaklng process are 
surfactants of which functions «r« det.rg.ncy to r..ov. ink fro. 
fiber, dispersing action to keep the intpar icl.. d P r..d 
prevent redeposition on the fibers, and foaming action In the 
froth flotation of ink particles. . ,,„,,,.-_ 

A tvoical surfactant is a long chain molecules with tha hydro- 
phobic part to the one end and the hydrophilic part to the other 
ena. The hydrophobic part .ay be consisted of fatty acid, fatty 
alcohol, alkylphonols or other oil-soluble surfactants. 

The hydrophilic part in the deinking surfactant usually con- 
sists of aninon Molecules such as carboxyl ecid salts or sul- 
fonic acid salts and nonlonic molecules such as polyoxyethyle- 
nated chains. 

The typical surfactants commonly used in tha washing and froth 
flotation dainking processes are j sodium and potnasum of 
•trait-chain fatty acid ( soap ), linear alkylben«enesulfonate( 
LAS ). -olefin* sulfonate, long-chain fatty alcohol, polyoxy- 
"hyl.nen.ted alkylphenols, alkylphenolethoxylates, and polyoxy- 
ethylenated strait-chain alcohols. A»4n)ti.nt 

Major disadvantages of using these surfestanta in the 
procea. are excess foaming in the subsequent pulp stock flow and 
papermakina process lines. Some of the above surfactants are resi- 
stant to biodegradation in the effluent traatsent stages causing 
a serious environmental problen. ^ , .jj 

In the froth flotation doinking process, a collector ia add- 
ed to agglomerate ink into large particlee and attach them to the 
air bubblea. Collectors are required for effective flotation and 
are usually anionic long-chain fatty acid soap. Fatty acid colle- 
ctors are precipitated with calcium ions to form larger, insoluble 
ink particles and collector particles. With injection of air 
in the flotation cells, the agglomerated ink particles adhere to 
the bubbles, rise to the surface and ore skimmed off from the system. 

Major disadvantages of the flotation method using the fatty acid 
collector is a pitch deposition and colcium sealing problems in 
the subsequent stock lines and papermaklng process equipments. 
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Besides the,aurfactanta, other chemical, are caustic soda, so- 
-f 11 f cato » "«tal ion chelating agents and hydrogen peroxide. 
The hydrogen peroxide bleaching agent haa to be added in or- 
der to prevent a pulp color yellowing cauaed by the addition of 
cau.tic aoda and to improve bri g^g^ of pulp fiber.. 

When an advance in the mordern printing and photocopying 
technology the conventional deinking with the aid of aurfactanta 
encountera aerioua probleaa with the wastepaper printed with the 
use of heavily coated, highly polymerised, or nonimpact inks, 
auch aa ultraviolet heatset, Xerox, laser and ink Jet. Theae 
inka uaually contain cured polymer reainv which bind ink particlea 
ao atrongly on the fiber surface that it la lapoaeible to dis- 
lodging the inka completely during the wastepaper deflberlzing 
( pulping ) stage with the conventional deinking chemicals. 
Excess heat and mechanical energy are also required along with 
the Ineffective conventional chemicals. 

In the conventional floatation deinking proceaa for newsprint 
wastepaper a major technial problem haa something to do with the 
fine ink particles embeded in the fiber bundlea and between fibril* 
which are almost -impossible to be removed from the fibers by a 
washing and/or flotation process. 

vi J h *" lnv « n **°n provides a new and much improved deinking method 
which is effective in the newsprint deinking as well aa the wood free 
printed wastepaper auch as whiteiedger, laser printed, xerographic 
copypaper and computer printout wastepaper* 

This invented deinking method is to remove ink paticles with 
the use of biological activity of enzyme on the cellulose fiber 
surface and a dispersing function of enzyme protein on ink paticles. 

In contrast to the conventional method no alkali and deinking aurfac- 
tanta are required although some surfactants can be used along with 
the enzyme to enhance the deinking efficiency. In the froth flotation 
process the fatty acid collectors are not required. Since cauatic 
soda is not used in the newsprint deinking, hydrogen peroxide bleaching 
agent is not also required for the yellowing prevention. 

The elimination of the fatty acid collector in this biological 
deinking proceaa will solve the persistent pitch and scale deposition 
problem aaaociated with the conventional flotation proceaa using the 
fatty acid type soap and calcium salts and silicates. 

The invented process is described in. details as follows: 

The newspaper auch aa old newsprint or printed wood free wastepaper 
is disintegrated in the conventional pulper ( consistency 4-7* ) or in 
the high consistency pulper, 12-15*, at the water temperature ranged 
from rooa temperature up to 60 C. The addition level of ensyae is 0.006* 
to 5*0* based on dry weight of wasepaper, pH of the stock slurry is 
adjused in the range of 3.0 to 8.0. Aa compared to the conventional 
pulping proceaa using caustic and aurfactants the pulping in the 
process of enzyme can be completed in a relatively short period and 
ink particlea are completely seperated from the fiber aurfuce and 
dispersed well. . The disperaed inka are removed out of pulp fibers by 
the conventional washing process equipments auch as. vibration screen 
and drum washer without an aid of detergent surfactants in a single 
and multi stages. The ink patricles dispersed with the action of enzyme 
protein can be also selectively removed out of the diluted pulp slurry 
with conventional flotation equipments which air is injected or drown 
into pulp to provide bubbles to pick up the particles. No fatty acid 
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collector 1b required in the cage of waste newsprint. But the 
■■all anount of fatty acid collector nay be added to enhance the ink 
reaoval efficiency in the caee of laser-printed westepaper. 

This biological deinking process is to lower P»lPi»« 
lerrfe extent slnee the addition of onayae reeulted in a substantial 
redaction in lulling tl.e as cohered to the pulping In the absence 
lea^e alSoit 50« reductioA-JllFhs observed faster and pulping 
?« khS'oresence of en«y<e ■aT S o«ettributed to an unique biological 
ectSity It i.^ff&tive to debond the f iber bonding and 

dialed** the inks bonded on the fiber surface as well as within the 
fiber bundles or between the fibrils. A partial en.ynatlc hydrolysis 
of cellulose within nicro . structure of fiber surface »ay occur during 
the JulSing stage. Because of this biological activity of entyne the 
fine ink particles enbeded within fiber bundles, fibril, and fines which 
has been lapossible to be taken out by the conventional deinking 
chenicals in the case of old newsprint deinking. 

According to this biological deinking aethod of old newsprint, 
the addition of hydrogen peroxide to prevent the fiber yellowing . 
is not required, which will result in a sub.tantialreduction of deinking 
chemical cost as co.pared to the conventional deinking Process using 
caustic soda, hydrogen peroxide, chelating agent and eodiue. silicates. 

It should be pointed out that the physical strength properties of the 
resulting Pulp fiber prepared by this invented method are found to be 
Wgner than those of the'corresponding pulp prep-red by the conventional 
■ethod in addition to the -uch higher resulting pulp brightness. The 

a2d?tion dose not appear to degrade the fiber strength, instead 
improve the fiber strength by not-yet unknown reasons. 
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Example *1. 

Delnking of old newsprint with a cellulolytic enzyme, 

A taiple of old newsprint wastepaper was added to the pulper 
where was filled with 40 C water at the cone latency of 4* and a cellu- 
laao waa dialoved at the dosage level of 0.1* based on oven dry weight 
of wastepaper. The wast&ajier wpjA soaked for 10 minutes and then dis- 
integrated for 5 minutes. *itWtlRgjm complete disintegration of waste- 
paper, the one half of pulp a'nirry was diluted to 1* consistency. 

The diluted pulp alurry waa moved to the air flotation call and 
then the dispersed ink particlea were removed out of the pulp slurry 
with skimming off the ink particlea froth out of the cell while injecting 
air through a porous plate. The flotation tine for the complete removal 
of the ink froth was one Minute* 

The other half of the pulp alurry wa§ washed on a laboratory 
vibration screen to remove the diapereed ink particlea. 

The resulting recycled pulp fibers obtained by the flotation and 
the washing step were evaluated for the pulp brightneas and the mecha- 
nical strength properties. To cospare this ensyme-treated deinked 
pulp to the conventional deinked pulp, the same sample of wastepaper 
was treated in the pulper with addition of 1.0* HaOH. 0.3* 11 0 ,^3* 
sodium silicate solution ( water glass ) and 0.8* of SBRFAX MT-90 ( 
fatty acid soap ) and 0.2* IORPAL-660 based on oven dry weight of 
wastepaper. The pulping time was 10 minutes for a conplte disin- 
tegration. After diluting to IX consistency, the dispersed ink 
particles were removed by the flotation method with the laboratory 
flotation cell as the way described above. 

As shown in Table 1, the brightness of the pulp deinked with 
ensyme was much higher thon that of the pulp deinked with the con- 
ventional chemicals and the mechanical strength of the ensyme-deinked 
pulp was also superior to that pulp deinked with the fatty acid 
collector and the diapersant ( IORPAI*~660 ). The microscopic 
observation revealed that the pulp prepared by the present inven- 
tion contained more long fiber fractions and has smoother Tiber 
surface and looks less mechanically demaged. 



Table 1. Comparison of properties of recycled pulp by method 
of present invention and the conventional act hod. 





brightness 
( » ) 


i 1 r 1 

tensile index tear index | 
( N.m/g ) ( sK.m /g) j 


KONP AONP 


KONP AONP | KONP AONP | 
1 1 


present | flotation 


47.1 46.2 


28.9 32.4 | 11.7 13.8 I 
1 1 


method H 

washing 


60.3 48.6 


29.3 32.9 | 11.8 14.1 | 
1 1 


SBRFBX MT-90 

I .... 


46.1 38.4 


30.1 32.8 | 10.8 13.1 | 



KONP; Korean old newspaper. 
AONP; American old newspaper. 
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the IS tr6at8d J" 1 * « avo «rf brighter pulp with 

the NMhlntf as compared to the flotation ink reaoval 

2. Relation MMaMfa.. addition and di.intergration 



enryM ( X ) 


t 0.5 
■ 


1 0.1 


0 




dlsintergration 
tl»e { «ec ) 


1 30> 
1 

_L.. 


H h 

1 60-120 
1 

■J 1 


t ■ ( 

300< | 

1 



Rxoople 2. 

J^kiM <rf !«<r on ( ew^r , ^ 

-lIM&TL'SSS? ^ ^ 8ai00 ^ but the Afferent che2£ 

i*,f^Lf n *ir weight of waatepaper 
0.1* IflBPAl 680 dieperaant 
0.8k SURFAX 

pulping teaperature ; 50 C 
Pulping Urn ; 30 ainutea 
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The brightne«a and the atrettfth properties of the reeultintf pulp 
■amies were coapared in Table 3. 

A. shown in th« table, tho image analysis of the paper eaoples 
indicate, that the number of the reaidual ink particles w audi less, 
about 10 tin». for the pulp dainked with the enayae and the tensile 
strength w also hitfhar as coapared to the pulp prepared with the 

C ° nV ^ 1 rScS M c^-!cal pulp of high q uality in t» -f dirt count 
and fSeTrtrWh properties can be obtained with the use of «nay«i 
tea combination of a email amount of fatty acid collector by the 
flotation aethod. 



Table 3. Comparison of pulp properties recycled by the aethod 
of present invention and conventional method. 



r—r • 1 

brightness 

1 ' ^^^-^ < * > 


dirt onount tensile index 
(count/area) < H.a/tf ) 


«izya^+«T-90(0.3Jt) j 79.0 


450 i 34,3 


lff-90 (««) 1 80.6 
I 1 ' — 


4.330 I 26,3 
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Bxonple 3. 

Delnldn4 of —t. n— Print by peetinolytic e»*yw. 

W2ST ^ ^ to „. 1*^1- 
Li S«oved by fl^Jt-JSSiSrS the t«-il. -tre-gth of 

4. Ccp^Ttha D »thod of u.ln g pectinolytic e«y~ 
with conventional Method. 



brightness 
( * > 



tensile index 
( N.a/tf ) 



What we claimed is ; 

1. Biological delnking aethod character icing pulping of 

mate printed paper with ensyne and reaoving Ink 
part Idea from fiber* by flotation and/or washing 
nethod. 

2. Biological delnki ng aethod characterising using one 

kind of enzyneA|*CTi&*aES cellulose and/or pectinate, 
in clain 1. 

3. Biological delnking aethod characterising adding the 

amount of enzyme in the range of 0.005V to 5* baaed 
on dry weight of waetepapera in clain 1 or 2. 

4. Biological delnking aethod characterising controlling 

the teaperature of pulping process ranged froa rooao 
temperature upto 60 C in claim 1. 

. 6* Biological delnking aethod characterising controlling 

the pH of pulping process ranged frost 3 to 8 in clain 1. 
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